Magneto-crystalline anisotropy and Gilbert damping are the crucial parameters for a material to be used in various spin-based device applications [1] [2] [3] [4] . The emerging field of spintronics promises dense and fast memory architectures, enabling huge data storage and fast information processing [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The spin current based devices would be highly efficient with almost no thermal losses unlike charge-based electronics and could be used in energy harvesting by recycle of heat waste via spin-caloritronics [1, [15] [16] [17] [18] [19] . The miniaturization of such concept-device prototypes requires material media in a thin film form, where the magnetic properties can vary significantly due to different film thicknesses, growth induced strains, crystallographic orientation and substratefilm interface reactions. It is essential to have a physical parameter to tune the magnetic anisotropy in thin films while maintaining the precessional damping as-lowas possible. The strain produced in thin films due to substrate-film lattice mismatch serves as a tuning parameter for magnetic anisotropy and can be varied by changing the film thickness. The uniaxial magnetic anisotropy is the main contributing term in a thin film's total magnetic anisotropy and as the anisotropy field in a ferromagnetic system has one-to-one mapping with the effective magnetization, we tried to establish a relationship between magnetic damping and strength of effective magnetization for different ferromagnetic systems.
In Fig. 1 , we compile results from existing literature on Gilbert damping (α) and effective magnetization 4πM ef f of different ferromagnetic systems irrespective of the growth (different growth conditions and methods), physical form (thin films or bulk), thickness (in thin films), crystallinity (amorphous or polycrystalline or epitaxial), dopants and other factors (references provided at the end of this paper). Region I is the most exploited one because pure-YIG possesses very low-damping (∼ 10 −4 ) [1, [20] [21] [22] [23] [24] . The application of spin-orbit torque in heavy metals (HM) [25] [26] [27] [28] [29] and topological insulators (TI) [30] [31] [32] capped ferrimagnetic garnet heterostructures show po-tential to improve the efficiency of magnetic manipulations as it will not shunt a charge current applied to the capped conducting layer [33] . Being an insulating material, only electron's spin degrees of freedom is allowed, resulting in pure spin current, which is not the case with conducting-oxides (Region III), metals and metal-alloys (Region IV). Besides having the ability to generate pure spin current, the magneto-optical properties of YIG enhances in proportion to Bismuth (Bi) concentration at Yttrium site [34] [35] [36] [37] . Due to enhanced magneto-optical activity in the UV, visible and IR regions along with low propagation loss, Bi:YIG is a potential candidate in microwave and optical applications such as miniaturization of magnetic field sensors [38] [39] [40] [41] [42] [43] and reciprocal transmission devices like isolators and circulators, respectively [44] [45] [46] . It has been well established that the Bi:YIG films with in-plane magnetization can serve as basic sensors for magneto-optical imaging of domain formation in magnetic materials, magnetic flux in superconductors, currents in microelectronic circuits and recorded patterns in magnetic storage media [47] [48] [49] [50] [51] [52] . It is suggestive that the growth parameters optimization is crucial to obtain films with in-plane magnetization and free from effective domain activity [37] [47] . Ferrimagnetic insulators with easy-plane magnetization can also be used to realize spin superfluidity [53] [54] [55] [56] [57] . The coherent condensation of magnons in spin superfluidity offers a unique opportunity to realize long distance coherent superfluid like transport of the spin current, unlike the transport carried by the incoherent thermal magnons which decays exponentially [55] . Recently, coupling of light and spin wave has been demonstrated by irradiating a ferrimagnetic insulator using spatially modulated light beam [10] [58] . This coupling gives rise to a magnonic crystal that shows the capability to be efficiently reprogrammed on demand via heat. The coupling of electromagnetic waves to wave-like excitations in solids (magnons) could also be helpful to reduce all the lateral dimensions by orders of magnitude for on-chip microwave electronics with optically reconfigurable and multifunctional characteristics. Control over the functionalities of these prototype devices using light is more efficient as large number of electrical contacts might slow down the response time drastically in high density integration. Doping pure YIG with Bi improves its sensitivity towards light and makes it pursuable for photonmagnon based device applications. Being a novel material for possible photon-based device applications, it is essential to optimize and investigate the static and dynamic magnetization aspects of this light sensitive material medium (Region II). Bi:YIG films with overwhelmingly large magneto-photonic activity coupled with improved magnetic properties will provide a material platform for newly emerging photo-magnonics field. The importance of Bismuth substituted YIG as a futuristic material for light based magnonics applications, motivated the studies reported here. In this study, we grow high quality epitaxial BiYIG films on GGG(111) crystals using two different growth protocols which allow us to achieve different strain-states induced by rhombohedral distortion due to film-substrate lattice mismatch. We prepared two sets of samples, Set-A and Set-B. Set-A consists of thin BiYIG films with large magnetocrystalline anisotropy due to the large magnitude of strain, and, Set-B consists of thick BiYIG films with reasonably large strain. Despite being thick, the films from Set-B show large magnitude of strain that leads to large value of magnetocrystalline anisotropy, for an example; the magnitude of uniaxial magnetocrystalline anisotropy field for a 100 nm thick film from set-B is larger than a 37 nm thin film from Set-A. The Gilbert damping coefficient increases slightly due to strong spin-orbit coupling and inhomogeneity produced by Bismuth doping (∼ 1.15 × 10 −3 ), but still orders of magnitude smaller compare to metallic films [59] [60] [61] and are suitable for magnonics [8] [9] [10] [11] [12] • C for 120 minutes to get atomically flat surfaces and then cooled down to 500
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• C in 4.0 × 10 −2 mbar oxygen pressure to deposit the films. The target was sufficiently preablated before actual deposition to get a steady state target surface. We incorporated two routes to deposit these epitaxial films to obtain different strainstates by changing the laser fluence at a fixed oxygen ambient and growth temperature. For set-A, the fluence was ∼ 1 J/cm 2 with a spot size of ∼ 10.0 mm 2 and hence the realized growth rate was ∼ 0.25Å/sec. For set-B, we almost doubled the fluence (∼ 1.9 J/cm 2 ) by reducing the spot size (∼ 5.4 mm 2 ) to achieve an enhanced growth rate of ∼ 0.45Å/sec. We deposited five films of thicknesses 10.2, 18.1, 37.0, 92.5 and 200 nm using set-A growth parameters, hereafter denoted as A 1 , A 2 , A 3 , A 4 and A 5 , respectively. Another five films of thicknesses 18.7, 39.8, 100, 150 and 200 nm were grown using growth protocol-B, hereafter denoted as B 1 , B 2 , B 3 , B 4 , and B 5 respectively. The growth rate and hence the thicknesses of different samples were pre-calibrated using Dektak stylus profilometer. PANalytical X'Pert PRO four circle diffractometer equipped with Cu-Kα 1 source (λ = 1.54059Å) was used to characterize the crystallinity and to quantify the state-of-strain. Room temperature Vibrating Sample Magnetometry (VSM) measurement was performed using a Quantum Design Physical Property Measurement System (PPMS). For the dynamic magnetization measurements, we used both commercial and a custom-made FMR setup. Angular dependent FMR measurements were performed using Bruker EMX EPR spectrometer with cavity mode frequency f ∼ = 9.60 GHz. Frequency and thickness dependent FMR measurements were performed by using a broadband coplanar waveguide (CPW). The CPW assembly was housed in an external homogeneous DC magnetic field along with the superposition of a small and low frequency AC field. This small modulation of magnetic field is required to get differential of absorbed radio frequency (RF) power which is measured by a Schottky diode detector and a lock-in amplifier. . This lattice mismatch causes rhombohedral distortion in the films and hence contributes to diagonally stretched unit cells along the [111] growth direction. The strain induced rhombohedral distortion in these epitaxial BiYIG films can be quantified using the parameter σ = (a b − a ⊥ )/a b = ∆a/a b , where, a b is the bulk BiYIG lattice parameter and a ⊥ is the stretched film lattice parameter along the [111] direction [2] [3] [64] . For set-A samples, XRD patterns show strain relaxation as the thickness increases from 10.2 to 200 nm (2θ value approaches the bulk value), the strain-induced lattice distortion decreases from | 1.162% | to almost ∼| 0.0% |. Surprisingly, set-B samples having thicknesses 18.7, 39.8, 100, 150 and 200 nm, show relatively high strain (| 1.122% | for 18.7 nm thin film and | 0.171% | for 200 nm thick film). The variation of a ⊥ and the lattice strain (σ) w.r.t. to BiYIG film thickness from both the sets are shown in Fig. 2 panel (c) . It can be seen that the value of a ⊥ approaches bulk value for a film of thickness 200 nm from set-A, whereas, a 200 nm thick film from set-B possess elongated a ⊥ . Similarly, a 200 nm thick film from set-A show negligible lattice strain but a 200 nm thick film from set-B possesses reasonably large lattice strain. The laser ablation conditions greatly impact the lattice constant of deposited films irrespective of oxygen pressure and growth temperature. We observe that the laser fluence plays an important role in tuning the lat- tice constant of the films. The set-A films prepared using slow growth rate (∼ 0.25Å/sec) with a lower laser fluence (∼1 J/cm 2 ) show less lattice expansion and complete relaxation with thickness increment. Whereas, the set-B films prepared using almost doubled growth rate (∼ 0.45Å/sec) due to higher laser fluence (∼1.9 J/cm 2 ) show tendency to possess reasonably large lattice expansion even for higher thicknesses (panel (c) and (d) of Fig.  2 ). Table I contains XRD, magnetization and FMR derived parameters for both the sets of samples. The negative sign of σ indicates the presence of compressive strain which relaxes with increment in film thickness [2, [64] [65] [66] .
Room temperature in-plane magnetic hysteresis loops are measured using VSM on Quantum Design PPMS. Inplane and out-of-plane magnetization loops for a 37.0 nm thick film set-A is shown in Fig. 3(b) , where the paramagnetic background from GGG was subtracted. The values of saturation magnetization (4πM S ) for samples from set-A and set-B ranges between 1720±100 to 1407±25 Oe and 1608±17 to 1457±12 Oe, respectively. The coercivity (H C ) of these samples are in the range of ∼ 13 to 23 Oe. These values fall in the range of reported YIG magnetization data [20] [64] [65] [66] [67] [68] . To probe the static and dynamic magnetic properties of BiYIG epitaxial films, we performed angular and frequency dependent FMR measurements on both the sets of samples. Generally, the magnetic garnet thin films with a hard axis in the [111] direction (i.e., In-plane easy axis), possesses extrinsic uniaxial magnetic and intrinsic magnetocrystalline cubic anisotropies. FMR can directly deduce the magnetic anisotropies in a precise manner. The coordinate system used for FMR study on (111) oriented epitaxial BiYIG films is shown in Fig. 3(a) Set-A (A1, A2, A3 , A4, and A5) and set-B (B1, B2, B3, B4, and B5) are separated by a solid horizontal line. 
The first term in Eq. (1) corresponds to the Zeeman energy, the second term to the demagnetization energy, the third term to the out-of-plane uniaxial magnetocrystalline anisotropy energy K u and the last two terms are due to first and second order cubic magnetocrystalline anisotropy energies, K 1 and K 2 , respectively. The total free energy equation was minimized (∂F/∂θ M ≡ ∂F/∂φ M ≡ 0) to obtain the equilibrium orientation of the magnetization vector M(H). The evaluation of resonance frequency (ω res ) of uniform magnetization precessional mode at equilibrium condition can be made using total free energy and is expressed as: [70] [71] [72] 
(2) here γ and M S denote gyromagnetic ratio and saturation magnetization, respectively. These coupled and indirectly defined functional equations were solved numerically to obtain the equilibrium angles at resonance condition and fit the angular dependent resonance data (H res vs. θ H ) to determine K u , H u , H 1 , H 2 and E ani (see Table I ). Fig. 3 (c) shows representative angular-FMR spectra of a 39.8 nm thick film from set-B at a microwave frequency of ∼ 9.6 GHz. The peak-to-peak difference of FMR derivative gives linewidth (∆H) which decreases as the film thickness increases. The measured in-plane ∆H values for set-A samples A 1 , A 2 , A 3 , A 4 , and A 5 at ∼ 9.6 GHz are 154, 120, 93, 39, and 14 Oe, respectively. Similarly, for set-B samples B 1 , B 2 , B 3 , B 4 , and B 5 the in-plane ∆H values are 150, 105, 50, 44, and 23 Oe, respectively. The energy minimization governed by the correspondence between θ H and θ M is shown in the inset of Fig. 3(d-e) , where the equilibrium magnetization angle θ M was estimated numerically. It can be seen that energy minimization attains large curvature for thin BiYIG film from both the sets and hence large anisotropy compare to thick film from the respective sets. Fig. 3(d) and (e) show θ H dependence of H res for set-A and set-B samples, respectively. The fit using Eqs. (1) and (2) agrees well with the measured data. All the extracted parameters for both the sets of samples are shown in Table I, separated by a solid line. We mainly focus on the out-of-plane uniaxial anisotropy field (H u ) due to its large contribution to total magnetic anisotropy and systematic variation with film thickness or lattice strain. In contrast, we couldn't witness a systematic thickness or strain dependence of cubic first and second order anisotropy which are weak in magnitude. Interestingly, H u for 10.2 nm thin and 200 nm thick films from set-A comes out to be -1793±196 Oe and -49±19 Oe, respectively, which provides a strain tuning over a range of more than 1700 Oe. It suggests that the rhombohedral distortion induces substantial out-of-plane uniaxial anisotropy via the magnetostriction, which decreases systematically with increase in the film thickness. The strain induced by rhombohedral distortion in a cubic lattice relaxes as the film thickness increases and hence results in very low or almost negligible strain, which ultimately makes the film isotropic, having properties similar to bulk. The value of H u for BiYIG films B 1 , B 2 , B 3 , B 4 , and B 5 from set-B are found to be -1289±132, -928±96, -554±50, -283±23, and -89±16 Oe, respectively. It is important to note that the values of H u for thicker films from set-B are larger compare to respective film thicknesses from set-A. If we compare the uniaxial anisotropy field of BiYIG films from both the sets of almost equal thicknesses, i.e., A 2 (18.1 nm) and B 1 (18.7 nm), comes out to be -994±91 Oe, and -1289±132 Oe, respectively. The uniaxial anisotropy field magnitude for set-B BiYIG film is almost 300 Oe larger compare to the value of set-A Bi:YIG film. The strain induced variation of H u and E ani is picturized in Fig. 4 (a) and (b), respectively. It is clear from Fig. 4 (a) and (b) that the magnitudes of H u and E ani increases almost linearly as the magnitude of rhombohedral distortion increases. The enhancement in uniaxial anisotropy field is due to the larger magnitude of growth induced strain in the samples from set-B as compare to set-A. The substrate-film lattice mismatch causes lattice-distortion in deposited films which results in a definite strain-state. The lattice distortion influences the magnetic properties. This magnetizationlattice coupling gives rise to strain-induced out-of-plane uniaxial anisotropy field, H u . The magnetoelastic energy density for a strain dependent FMR measurement is given by F = −σb [cos] 2 Θ, where b is magnetoelastic constant and Θ is the angle between M and strain direction [2] [3] . For M pointing in the [111] direction, the magnetoelastic energy density has the form, F = −σb. Fig. 4(b) shows the linear dependence and least-square fit of anisotropy energy E ani = −1/2[M S H u ] with different strain states of BiYIG films from both the sets. The derived expressions from least-square fit in Fig. 4(b) for set-A and set-B are E ani = (−1.84±0.87)
, where the slope of the lines give −b = (11.17±0.51)×10 6 (erg/cm 3 ) and −b = (16.24 ± 4.31) × 10 6 (erg/cm 3 ), respectively. The negative sign of b implies that the magnetic easy axis is parallel to the compressed lattice plane; [111] . The magnetoelastic constant of BiYIG comes out to be larger than in pure-YIG film [2] . Pure YIG exhibits almost quenched orbital momentum of half-filled d shell in F e 3+ electron configuration, leads to weak SOC and shows low magnetoelastic coupling constant. The substitution of strong SOC ions such as Bi 3+ , Dy 3+ and T m 3+ etc. enhances the spin-orbit coupling which results in improved magnetoelastic coupling. It suggests that the strain-tuning could be very crucial to obtain large magnetocrystalline anisotropy even in thick ferrimagneticinsulating films. Gilbert damping coefficient α for our BiYIG films has been calculated from frequency-dependent FMR measurement between 7 and 12 GHz. The external magnetic field is swept at various fixed frequencies. Fig.  5 (a) and (b) show the frequency vs. H res data and its fit (corresponding colored solid curves) for set-A and set-B, respectively, using reduced form of Eqs. (1) and (2) in a limiting in-plane magnetic field geometry (θ H = 90
• ,φ H = 0 • ). The derived compact expression in asymptotic limit has the form (in-plane Kittel equation),
with the effective magnetization 4πM ef f = 4πM S −H ani , where, H ani is the anisotropy field parameterizes out-ofplane uniaxial and cubic anisotropies. It is clear from Fig. 5 (a) and (b) that the data fits perfectly without even considering additional in-plane anisotropy contributions. In Eq. (3) we do not consider a renormalization shift in the resonance frequency and a small shift in resonance field which can arise by two-magnon scattering and a static dipole interaction between the ferrimagnetic film and the paramagnetic substrate, respectively, due to negligibly small contributions. 4πM ef f and 4πM S represents magnitude of anisotropy field H ani = 4πM S − 4πM ef f which decreases with increment in film thickness. The magnitude of H ani for ∼ 100 nm thick Bi:YIG film from set-B is larger than that expected and comparable to ∼ 37 nm thin film from set-A, which is due to growth induced large strain. Fig.  6 (b) shows magnetization (4πM ef f , 4πM S ) dependence on uniaxial anisotropy field, where, the magnetization decreases in proportion with the magnitude of uniaxial anisotropy field. Fig. 6 (c) shows the variation of α with respect to the film thickness from both the sets. Whereas, inset shows induced strain dependency of α. We notice that the value of α decreases nonlinearly as film thickness increases (or strain relaxes) and vice-versa. We include effective magnetization, uniaxial anisotropy field and damping data of YIG/GGG(111) films from lit- erature by Bhoi et. al. [64] which also follow the same trend. The lowest damping possessed by a 200 nm thick film from set-A is (1.15 ± 0.07) × 10 −3 , whereas, a 200 nm thick film from set-B shows slightly larger damping (1.77 ± 0.12) × 10 −3 but inherit reasonably large uniaxial anisotropy field (−89 ± 16 Oe) which is almost two times larger compare to former. Although, the damping in 'Bi' doped YIG enhances due to strong spin orbit coupling, still it's passably small compare to metallic systems [59] [60] [61] . As the values of α and | H u | increases as a function of the induced strain, we therefore plot α vs. H u graph (see Fig. 6 (d) ) to see the correlation between the precessional damping and magnetic anisotropy. In our BiYIG thin film system, we observe a nonlinear relationship between α and H u , similar to YIG and can be attributed to spin wave damping induced by increment in strain [64] . Rhombohedral distortion arising due to lattice mismatch between the film and the substrate leads to change in magnetic properties through spin orbit coupling [3] . The inclusion of lattice distorted SOC along with phonon-magnon scattering, two-magnon scattering or charge transfer relaxation may explain the thickness dependent enhancement of uniaxial anisotropy and reduction of magnetic damping [2, 3, 33, 60, 61, 64, 73] . In summary, we have been able to grow high quality epitaxial BiYIG thin films on GGG(111) crystals as evidenced by prominent Laue oscillations in X-ray diffraction pattern. A usual trend of the film lattice relaxation and decrease in magnetic anisotropies as the film thickness increases has been observed. Our study shows that strain can be a crucial parameter to tune the magnetocrystalline anisotropy. We optimize a growth protocol to get thick epitaxial films with large lattice strain which allows us to achieve large magneto-crystalline anisotropy. The Bi:YIG films grown using higher laser fluence show large magneto-crystalline anisotropy compare to films of respective thicknesses grown using lower laser fluence. We show that the incorporation of growth induced large strain in thick BiYIG films can be helpful to improve the magnetic properties.
Out-of-plane uniaxial anisotropy varies linearly with strain induced rhombohedral distortion of Bi:YIG lattice. Still, we are able to achieve fairly low Gilbert damping ∼ 1.15 × 10 −3 with enhanced magnetoelastic coupling. Further, as Bismuth substitution enhances the magneto-optical responses enormously, the coupling of large magnetocrystalline anisotropy, improved magnetoelastic coupling and low damping with strong magneto-optical activity in Bismuth substituted YIG may provide unique opportunities for photon-based-magnonics to develop efficient and low loss spintronics and caloritronics devices.
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Reference details of the relationship between effective magnetization and Gilbert damping coefficient shown in Fig. 1 . It was constructed using the effective magnetization (saturation magnetization in few cases) and Gilbert damping coefficient values from various (Region I and II) ferro-and ferrimagnetic insulators, (Region III) conducting oxides and (Region IV) pure metals and metal-alloys, as reported in previous studies. Region 
